Background: Although child mortality is decreasing, more than half of all deaths in childhood occur in children with a life-limiting condition whose death may be expected. Aim: To assess trends in place of death and identify characteristics of children who died in the community after discharge from paediatric intensive care unit. Design: National data linkage study. Setting/participants: All children resident in England and Wales when admitted to a paediatric intensive care unit in the United Kingdom (1 January 2004 and 31 December 2014) were identified in the Paediatric Intensive Care Audit Network dataset. Linkage to death certificate data was available up to the end of 2014. Place of death was categorised as hospital (hospital or paediatric intensive care unit) or community (hospice, home or other) for multivariable logistic modelling. Results: The cohort consisted of 110,328 individuals. In all, 7709 deaths occurred after first discharge from paediatric intensive care unit. Among children dying, the percentage in-hospital at the time of death decreased from 83.8% in 2004 to 68.1% in 2014; 852 (0.8%) of children were discharged to palliative care. Children discharged to palliative care were eight times more likely to die in the community than children who died and had not been discharged to palliative care (odds ratio = 8.06 (95% confidence interval = 6.50-10.01)).
Introduction
Child mortality has decreased in high-income countries including the United Kingdom over the last 30 years, 1 but reductions in the United Kingdom have been less marked than similar countries. 2 Mortality rates in paediatric intensive care units (PICUs) have also decreased over time, 3 but some children do continue to die both in PICU 4 and after discharge. It is estimated that more than 50% of deaths in children and young people in the United Kingdom are related to life-limiting conditions; therefore, their deaths may be expected 5 and since the World Health Organization (WHO) definition of children's palliative states that 'It begins when illness is diagnosed, and continues regardless of whether or not a child receives treatment directed at the disease', 6 you may expect that discussions regarding choice of place of care/death may have occurred in this population.
The notion that an out-of-hospital death is better than an in-hospital death as a universally valued goal is becoming contentious in both children 7, 8 and adults, 9 as the evidence on patient and families' preference 7 and importance of place of death is mixed. However, admissions to PICU are known to be stressful, 10 and it has been known for some time that parents and siblings of children who died in hospital show more psychological symptoms 11 and poorer adjustment 12 than if their child or sibling had died at home. In particular, fathers showed higher levels of stress, depression and anxiety if their child had died in hospital compared to home. 13 It should also be noted that within the National Health Service (NHS) in England, the proportion of people dying in hospital is currently used as a measure of quality. 14 However, facilitating choice of place of care can only occur where resources are made available. 15, 16 In the United States, an increasing number of children with complex chronic conditions died at home rather than in hospital when comparing 1989-1993 to 1999-2003 , but still more than 80% of these deaths occurred in the hospital. 17 A previous descriptive study in the United Kingdom showed a difference in place of death in those discharged from PICU to palliative care and those not discharged to palliative care; but other clinical and demographic factors were not accounted for and no assessment of trends over time could be undertaken. 18 A large multicentre study from the United States has showed that children with complex chronic conditions had longer lengths of stay in PICU and higher mortality than other children, but mortality data after discharge from PICU were not available. 19 This study aimed to assess the trends in place of death for children who died after discharge from PICU and the clinical and demographic factors which were associated with death in the community rather than hospital.
Materials and methods

Dataset
Paediatric Intensive Care Audit Network data. All children admitted to a PICU in the United Kingdom between 1 January 2004 and 31 December 2014 were identified in the Paediatric Intensive Care Audit Network (PICANet) dataset. 20 Only children who were resident in England and Wales were included in the cohort for analyses, as only their deaths would be recorded on the Office for National Statistics (ONS) death records. Linkage to the ONS death certificate dataset was undertaken by the Health and Social Care Information Centre, using their standard algorithm which uses NHS number, date of birth, sex and postcode. These data were available with a censor date of 1 November 2015, but due to the delays that can occur in registering deaths, only data up to the end of 2014 were included in these analyses.
Clinical variables.
Clinical diagnoses for each admission were coded using Clinical Terms 3 (The Read Codes) which were aggregated into 12 primary diagnostic groups. 21 The Paediatric Index of Mortality (version 2; PIM2) is used within UK PICUs to assess severity of illness at the point of admission and therefore the risk of mortality in PICU. It is based on physiological measurements in the first hour of admission, specific interventions and diagnoses. 22 PIM2 used in this study was recalibrated coefficients calculated using admission data submitted to PICANet for the years 2011-2013. 3 PIM2 was categorised into five categories of risk <1%, 1%-<5%, 5%-<15%, 15%-<30% and 30%+.
The number of PICU admissions was categorised as single admission, two admissions, three admissions and four or more admissions.
PICANet defined discharge for palliative care as 'withdrawal of care at the current level if it is deemed that the admission can no longer benefit'. This variable identifies when a child was discharged from a PICU to a palliative care area. 21 In this study, an individual patient was assigned as discharged for palliative care if they had been discharged for palliative care after any PICU admission.
Death data were obtained from the ONS death certificate system. 23 Date of death and place of death data were used in these analyses. Place of death was categorised into PICU, hospital (excluding PICU), home, hospice or other based on the recorded address of death.
Demographic variables. Age at admission to PICU was categorised as <1 year, 1-4 years, 5-10 years, 11-15 years and ⩾16 years. Sex was included in the analysis only where it was non-ambiguous (male or female). An Index of Multiple Deprivation (2010; IMD) 24 category was assigned to each individual based upon their Lower Super Output Area (LSOA) of residence. An LSOA is a census geographical area built up of Output Areas. There are 34,753 LSOAs (2011 Census) in England with a population of 1000-3000 per LSOA. 25 These data were split into five categories for analyses with category 1 being the least deprived.
The ethnicity variable in PICANet is incomplete therefore South Asian ethnicity, the commonest ethnic minority group in England, 26 was determined using two South Asian names analysis programs. These programs, Nam Pehchan 27,28 and the South Asian Names and Group Recognition Algorithm, 29 classified individual children as South Asian (Pakistani, Indian or Bangladeshi) or not. The results from these programs were corrected manually for known misclassification errors. 30 Statistical analyses. Descriptive statistics were undertaken overall and by palliative care discharge status. Differences between groups were assessed by chi-squared or t-test.
Random effects logistic regression was undertaken to account for inter PICU variation in the outcome. A binary place of death variable was the dependent variable: community (home, hospice or other) or hospital (PICU and Hospital). Apart from the palliative care variable, all data in the model pertained to the last PICU admission prior to death for each individual. Variables were included in the model in a forced entry method with variables retained if p < 0.05 or they improved the model fit assessed using the Bayesian information criterion (BIC).
All analyses were carried out using STATA version 13, and all tests of statistical significance were at p ⩽ 0.05. 
Results
The cohort consisted of 110,328 individuals with 163,586 PICU admissions ( Figure 1 ). A total of 4670 deaths occurred in PICU on first admission and were not included in the analyses. In all, 7709 deaths occurred after discharge from PICU and form the cohort for this study (Table 1) . Of the individuals, 37.4% (n = 2885) had a single PICU admission, 30.2% (n = 2327) had two PICU admissions, 13.8% (n = 1060) had three PICU admissions and 18.6% (n = 1437) had more than four PICU admissions.
The numbers of children dying each year after discharge from PICU varied between 640 and 782, apart from the first year (2004) which had a lower number of deaths due to left censoring of the dataset.
Of the children admitted to PICU, 852 (0.8%) were discharged for palliative care, of which 566 (7.3% of all deaths) had died at the censor point. Therefore, only 7.4% of children who died had been referred for palliative care. There were some statistically significant differences in clinical characteristics between those who died after being discharged for palliative care and those who died and who had not been discharged for palliative care (Table 1) , but no significant differences in gender, age, ethnicity or deprivation scores.
A higher percentage of those in the palliative care group had a primary neurological (20.3% vs 11.8%) or respiratory (36.6% vs 26.4%) diagnoses, and a lower percentage had a cardiac diagnosis (12.9% vs 24.5%; chi 2 = 113.4, p < 0.001).
The length of stay in PICU was higher in those from the palliative care group (median length of stay 6.2 days vs 3.1 days). Those children from the palliative care group were less likely to have more than one PICU admission (53.5% vs 63.7%, chi 2 = 31.1, p < 0.001). A smaller percentage of the palliative care group had a <1% chance of mortality within PICU on their last PICU admission (4.1% vs 16.0%; chi 2 = 76.4, p < 0.001).
Place of death differed significantly between the two groups with a higher percentage of those in the palliative care group dying at home (23% vs 16.0%) or hospice (38.7% vs 6.3%) and a lower percentage dying in a hospital ward (29.5% vs 41.9%) or PICU (6.9% vs 34.8%) (chi 2 = 797.2, p < 0.001).
Place of death
Overall, 41.2% of the deaths occurred in hospital, 32.5% in PICU, 16.6% at home, 8.7% in hospice and 0.7% elsewhere. Deaths in hospital decreased from 43.5% in 2004 to 38.2% in 2014. Death in PICU decreased from 40.3% to 29.9%, while deaths in hospice rose from 3.9% to 11.1% and deaths at home rose from 12.4% to 20.1% (Figure 2 ) during the same time period. Table 2 shows the results of the random effects logistic modelling with community death (home, hospice or other) compared to hospital setting (hospital including PICU) as the outcome variable. All age groups were significantly more likely to die in the community rather than the hospital setting compared to the under 1 year age group. Children with neurological (odds ratio (OR) = 1.71 (95% confidence interval (CI) = 1.41-2.08)) or oncology diagnoses (OR = 3.30 (95% CI = 2.65-4.09)) were significantly more likely to die in the community than those with respiratory diagnoses. Conversely, children with cardiac (OR = 0.49 (95% CI = 0.39-0.61)) or musculoskeletal diagnoses (OR = 0.57 (95% CI = 0.38-0.84)) were significantly less likely to die in the community than those with respiratory diagnoses. Children with a higher risk of mortality, calculated by the PIM2 score, were all significantly less likely to die in a community setting compared to those with the lower risk of mortality. Those with more than one PICU admission were also significantly less likely to die in the community than those who only had one PICU admission. Children discharged for palliative care were eight times more likely to die in the community (OR = 8.06 (95% CI = 6.50-10.01)).
Modelling
Children from a South Asian background were significantly less likely to die outside the hospital than non-South Asian children (OR = 0.48 (95% CI = 0.39-0.58)). Children living in the two most deprived categories were significantly less likely to die outside the hospital than children living in the least deprived areas (category 4 OR = 0.80 (95% CI = 0.65-0.99) and category 5 (most deprived) OR = 0.63 (95% CI = 0.51-0.77)).
There was a significant trend over time of dying in the community with an increase of 6% per year (OR = 1.06 (95% CI = 1.04-1.08)). Interaction terms between palliative care status, length of stay, diagnostic group and number of PICU admissions were not retained within the model as they were not significant and did not improve the model fit.
The result of the sensitivity analyses excluding the deprivation variable in the random effects logistic model shows that the interpretation of the main variables of interest remains the same (data not shown).
Discussion
The proportion of children dying in hospital and PICU has decreased over the period of this study in England and Wales, but 68.1% of children who died after PICU admission still died in hospital in 2014. Discharge for palliative care had the largest effect on whether a child died in the community setting rather than hospital after a PICU admission, with children referred for palliative care having eight times the odds of dying in the community compared to children who had not been discharged for palliative care.
Children older than 1 year of age were more likely than the under 1 year age group to die in the community. The prevalence of life-limiting conditions in children is by far the highest in the under 1 year age group, 31 and admission rates to PICU are also higher in the under 1 year age group. Overall mortality 2 and within PICU mortality are also significantly higher in the under 1 year age group; 3 therefore, they should be seen as a priority group for input from specialist palliative care services. Although choice of place of death should be available for neonates and infants, given the relatively well-developed palliative care services and established guidelines in the United Kingdom, it may not be offered. 32 The underlying diagnoses had an effect on whether the child died in the community or hospital setting. Different diagnostic groups may have different disease trajectories and more reliance on services currently provided by hospitals, for example, cardiac and respiratory conditions. Children with an oncology diagnoses were 3.5 times more likely than children with respiratory diagnoses to die in the community. Children's cancer services are configured differently than other children's health services in the United Kingdom, and they are usually well provided with community care specialist nursing teams, which can be critical to enabling a death outside of the hospital setting. A recent paper has shown that consistently, since 1993, 40% of children who died from cancer in England died at home, but the children with haematological malignancies were more likely to die in hospital. 33 More specialist resources may be required to care these children at home compared to other dying children, and their disease trajectories are often more unpredictable, but choice should still be facilitated where possible.
While it should not be assumed that all children and families, if given a choice, would choose for a child to die at home, 7 if true choice was available then we should see a higher percentage of children dying in the community than was found in this study. More than 60% of these children who died had more than one PICU admission, and although not all of these deaths would have been expected, many would be, therefore opportunities for involving palliative care in the care of these children and families may have been missed. There are some examples in England of integration of palliative care and PICU services but there are also hospitals in England where hospital-based specialist paediatric palliative care services do not exist. 34 Previous research with paediatric intensive care specialists has shown that there are mixed opinions on the role and usefulness of paediatric palliative care teams. 35 Inequity in the place of death has been shown in this study with children from the most deprived areas in England and Wales being less likely than those in the least deprived areas to die in a non-hospital setting. A previous study from PICANet data showed that deprivation was not significantly associated with whether or not a child was discharged for palliative care; 36 therefore, these inequities may also exist within place of death even when palliative care services are involved.
Children with a South Asian background were less likely to die outside the hospital setting than non-South Asian children. These differences in place of death by ethnic group are similar to a study from the United States which showed that Black and Hispanic children were 50% less likely to die at home than the White population. 17 Previous work using the PICANet dataset showed that they were no less likely to be referred to palliative care but they were more likely to receive this care in hospital rather than in the community. 36 This is a complex issue, and flexibility of services to provide culturally competent care is key and some children's hospices have well-established reputations at engaging the South Asian community. 37 It is important to note that high-quality palliative care should be available in all settings, so if a child and family wish to die in hospital, or an alternative setting is not possible, that they should still be offered access to specialist paediatric palliative care services.
Strengths/limitations
These analyses were undertaken on a national, mandatory dataset with full population coverage over an 11-year period. This dataset was enhanced to provide mortality data after discharge by linkage to official death record statistics. Place of death was derived from recorded address in these data, and in this study, in only 0.4% of cases was this unable to be assigned. Address of death is validated via postcodes. 38 There are known delays to recording deaths of children particularly if coroners require to be notified. A total of 199 children who died in PICU (7.9% PICU deaths) did not have a matched ONS record. The majority of these were children who had died in the years 2012-2014. The analyses have been rerun only including children up to 2011 with no difference in the results.
The PICANet data are estimated as 99.9% complete, and the data are validated online including validation of the NHS number which is vital for linkage with other datasets. 3 The definition of discharge for palliative care used within the PICANet dataset is quite restrictive: 'withdrawal of care at the current level if it is deemed that the admission can no longer benefit'. 21 As paediatric palliative care services care for children throughout their illness, not just at the end of life, some children may have been receiving palliative care but not recorded on the PICANet dataset. This narrow definition may also influence the decisions of PICU clinicians regarding referral to palliative care.
There were missing data on palliative care status for a small number of the children who had died (0.8%). Importantly, we had no objective information available on the relationship between individual PICU units and the availability of palliative care services in their catchment areas and no information on situations in which palliative care was discussed and a referral was not made.
The ONS death certificate data cover children who died in England and Wales. Therefore, if a child had moved to another country and subsequently died, we would not have their information. However, we expect those to be a very small number of children.
Conclusion
Over the last 11 years, the proportion of children dying in hospital in England is decreasing, but a large proportion of children dying after discharge from PICU continue to die in hospital. A very small percentage of these children who died had been referred to specialist palliative care.
Involvement of palliative care before the point of discharge has the potential to offer choice around place of care and death for these children and families. Further provision of hospital-based specialist paediatric palliative care teams should be a priority to enable further integration of specialist palliative care services with other specialities, particularly Paediatric Critical Care.
